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The demands for quality continue to rise for pack-
aging printers. In particular, the demand for consis-
tent, repeatable product colour are higher than ever, 
driven in part by brand owners’ desire for world-
wide brand recognition. In the past, colour samples 
were gathered infrequently, perhaps at the end 
of a roll of material. However, sampling of such a 
small portion of the overall run leads to a number 
of issues for the brand owner and printer. In order 
to ensure consistent quality throughout the run and 
across runs, it is imperative that the printer capture 
data not only during makeready and postproduc-
tion (i.e., end of roll), but also frequently during the 
run. Taking frequent measurements during the run 
ensures that an acceptable percentage of the entire 
run falls within the strict quality requirements set by 
the brand owners. It also gives the printer a valuable 
tool for process improvement.
2.0 HISTORY
In the not-so-distant past, colour approval of print 
jobs of all types was performed press-side, and basi-
cally involved trained and experienced press person-
nel or customer representatives visually assessing 
the print job for conformance. This process could be 
long and costly to the printer, and lacked any serious 
continuity, as the perception of colour match is sub-
jective, and varies from viewer to viewer, and even 
from day to day with the same viewer. The fact that 
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the target could potentially move from one job to the 
next meant that it was nearly impossible to impose 
standards and repeatable control methodologies.
Over the years, the print industry has gained 
increasing confidence in the ability to “run to the 
numbers” using measurements from colour mea-
surement devices. The movement toward objective 
measurements of colour has paved the way for a wide 
array of standards, and has allowed the development 
of sophisticated closed-loop control systems.
3.0 TAKING ADVANTAGE OF 
TECHNOLOGY
The advent and evolution of colour measurement 
devices removes the subjectivity from the determi-
nation of “good colour.” How and when colour is 
measured can go a long way toward determining the 
effectiveness of your colour management workflow. 
3.1 How Do I Measure?
In the past, the most frequently used devices 
were densitometers that measured “process colours” 
using a set of predefined density filters. Work created 
with process colours has benefitted greatly from the 
standardization that has become possible through 
the use of objective measurement, and there are a 
variety of systems that can close the loop on process 
colour control. However, even in the process world, 
standards are still evolving.
While much of the packaging industry uses 
process colours for at least a portion of its work, 
the use of “spot colours” has been dominant in 
the industry for some time. Spot colours are inks 
that are specifically blended to match a particular 
colour required by the brand owner (print buyer). 
Unlike process colours, it is much more difficult 
to characterize a spot colour using the previously 
defined density filters. Because the density filters 
are not tuned to the specific colour being measured, 
it is possible to achieve a target density, but still 
not achieve the correct colour. For many printers, 
this means that they are back to performing visual 
assessment of colour match to a proof.
The use of handheld spectrophotometers has 
gained ever-increasing popularity in recent years, 
and it is hard to find a pressroom today that doesn’t 
have one or several units. The spectrophotometer 
allows for the precise measurement of any colour, 
and can provide density values from the data col-
lected.
More recently, systems have been developed 
that allow spectrophotometers to be integrated into 
the printing equipment. This allows measurements 
to be taken continuously throughout a press run. 
This capability provides a number of advantages to 
the printer, which in turn result in benefits to the 
print buyer.
3.2 When Do I Measure?
The answer to this question depends somewhat 
on the printing process. In almost all cases, mea-
surements are taken at the beginning of a press run, 
during the makeready process. The measurements 
are used to bring the press into initial conformance 
with the quality demands of the buyer. During 
makeready, measurements are taken, adjustments 
are made to the press, the ink, or some other aspect 
of the print process, and further measurements are 
taken.
Then, typically, during the course of the press 
run, samples will be taken and measured at some 
interval, to ensure that the quality targets are still 
being met. In roll-to-roll applications, these mea-
surements might be taken at the end of a roll, 
because it is convenient to take a sample from the 
roll that is being taken off press. In sheetfed applica-
tions, samples can be taken from press at any point 
in time, but in general practice are not taken very 
regularly after the initial makeready is completed.
This describes the typical measurement 
scenario when the measurements are being taken 
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off-press. This is when we typically DO measure. 
The focus of this paper is on when and how we 
SHOULD measure, and how an inline measurement 
system can help.
3.3 ISO Standards – the 12647 Family
Over the last 40 years or so, a plethora of stan-
dards have been developed around the colour repro-
duction problem. As a co-worker of mine likes to 
say, “The nice thing about standards is that there are 
so many to choose from.” One particular family of 
these standards highlights in a specific way the need 
for frequent and consistent colour measurement. In 
particular, I am referring to ISO 12647-6, Graphic 
technology — Process control for the production 
of half-tone colour separations, proofs and produc-
tion prints — Part 6: Flexographic printing, but 
a number of standards in that family have similar 
wording.
Specifically, there is a section of this standard 
that dictates the percentage of a particular press 
run that must be within the specified tolerances of 
the given aim points to consider the press run as 
“passing.” The number given in the standard is 68 
percent, which roughly corresponds to one standard 
deviation assuming that the distribution of error is 
Gaussian. There are problems with this assumption, 
but the important point here is that the standards 
organization has recognized that the print process 
contains inherent variation, and it is impossible to 
expect 100 percent of a press run to fall within a 
tight tolerance window. It is this inherent process 
variation that cries out for frequent measurements 
throughout the run.
3.4 How Many Samples Are Enough?
In a recent blog post[1], QuadTech’s Applied 
Mathematician and world-renowned Colour Scien-
tist John Seymour addressed the issue of how many 
samples are needed to confirm that a given print 
run is in conformance. Interestingly, John’s analysis 
shows that the number of samples required is math-
ematically independent of the overall size of the run. 
Of course, this would be true if you had captured all 
of the possible measurements throughout the run, 
and then randomly selected a set of measurements 
from that entire population. This rarely happens 
on real press runs. Instead, samples are typically 
gathered at somewhat regular intervals throughout 
the run. The measurements from these samples are 
used to take corrective actions for possible problems 
with the run, and may be used to report the overall 
quality of the run.
But measuring quality sporadically can lead to 
problems for the printer. Sporadic measurements 
make it impossible to track low frequency varia-
tions in the print process. While it may not be wise 
to try to correct these variations in real time (see 
“Don’t Chase Your Tail” below), identifying these 
variations may allow for process changes that can 
help minimize the variations on future runs. Inline 
measurement automates the collection of this infor-
mation.
4.0 ADVANTAGES FOR THE PRINTER
4.1 Faster Makeready
Makeready is a very costly and non-productive 
process for the printer. In some print processes, a 
significant portion of makeready time is devoted to 
getting to “Colour OK.” During the colour adjust-
ment phase, the press is brought up to a makeready 
speed long enough for the colours to stabilize, then 
the press is shut down, a sample is extracted from 
the machine, colours are measured, and necessary 
adjustments are made to bring the colours to within 
the defined tolerance levels. Ink blending is still 
not an exact science, so the ink that was blended 
in the ink kitchen, under lab conditions, may not 
produce the expected colour under press conditions. 
In some cases it can take three or more iterations 
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of the on-press correction cycle to achieve accept-
able colour. The number of iterations required can 
be increased if the press-side measurements are not 
trustworthy.
4.1.1 Don’t “Chase Your Tail”
As has been stated previously, all printing pro-
cesses are subject to process variation. This process 
variation is driven by changing environmental con-
ditions, variations in substrate and ink over time, 
and changing press conditions. Some of this varia-
tion happens over a relatively long timeframe, and 
thus has little effect on a makeready, which happens 
over a relatively short time. However, within a press 
run, there are short term variations in colour that 
can seriously impact the makeready process. When 
the press is stopped and a sample is taken, the user 
receives a snapshot of the current colour in time, 
and any short-term process variation is lost. This 
means that if the current sample happens to belong 
to the (up to) 32 percent of samples that are out of 
tolerance, the printer may mistakenly believe that 
they need to make an adjustment when one is not 
needed. Conversely, it is possible that the current 
job is running with more than 68 percent of samples 
out of tolerance, but the printer got “lucky” and 
picked a sample that is in tolerance. This leads to the 
approval of that colour, only to find out somewhere 
further into the run that the colour is actually out 
of tolerance. Now the printer not only has to fix the 
colour, but potentially has a significant quantity of 
product that is of questionable quality.
By measuring inline, the printer can have a clear 
indication of the running average of the colours on 
press. If a colour correction is required, the printer 
can know this without having to shut down the press 
just to check colour. And because they are making 
their decisions based on an average of a number of 
measurements over time, these printers know that 
they are only making truly necessary corrections, 
and that those corrections are based on correct 
colour measurements. They also have a clear indi-
cation of the stability of colours on press. So even 
if the average colour is within tolerance, meaning 
the inks are good, there may be another process 
problem that needs to be addressed before continu-
ing the run. Without inline colour measurement, it 
is very difficult, if not impossible, to analyse colour 
stability.
4.1.2 Save One Last “Colour Check”
The makeready process can be described as a 
series of starts and stops of the press, with a quality 
check performed after each stop. As part of this 
process, the press must be stopped one last time 
so the final quality check can be performed. With 
inline colour measurement, this last stop is rendered 
unnecessary. If a printer typically requires three 
to four press stops per makeready, it is easily seen 
that having an inline colour measurement system 
reduces this portion of the makeready process by 
25-33 percent. This is a savings not only in produc-
tion time, but also in consumables and labour.
The case is made even better when you consider 
that makeready typically happens at a non-produc-
tion speed, and press speed is known to have an 
effect on colour. This means that without inline 
measurement, one or more stoppages of the press 
are required to validate that the colour has not 
drifted significantly at production speed. With an 
inline measurement system, the operator can run up 
to production speed, verify that all is well, and only 
shut down if an adjustment is actually needed.
The diagram in Fig. 1 demonstrates the poten-
tial makeready savings between inline measurement 
(grey) and offline measurement (black).
4.2 Better Process Control
Improving makeready performance is a sig-
nificant advantage of inline colour measurement, 
but there is potential to derive a more important 
benefit from the wealth of data that an inline system 
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provides. Changes during the press run can be mon-
itored and highlighted, and tiny corrective actions 
taken on an ongoing basis. Without inline measure-
ment, identification of colour errors may happen 
infrequently, and may not happen until a larger cor-
rective action is required. Large corrections tend to 
have a negative impact on run stability. The next 
sections provide two examples where real time 
process monitoring can lead to significant savings.
4.2.1 Chasing Ink Contamination
When inks are changed between press runs, it 
is necessary to clean the press units to remove as 
much of the old ink as possible before the new ink 
is loaded. Even the most thorough cleaning process 
can leave residual ink that might contaminate the 
new ink. Sometimes the contamination is signifi-
cant enough that the new ink must be corrected to 
achieve acceptable colour. If the operator makes this 
correction on press and continues with the run, then 
over time the contaminant will be washed out of the 
print unit, and the colour will gradually drift away 
from the original target colour. With inline colour 
measurement, the drift is identified and can be “re 
corrected” before the quality of the job is affected. 
This correction can take place while the press is 
running as long as the problem is identified before 
the colour drifts out of tolerance.
4.2.2 Changes at Roll Change
For roll applications, splicing in a new roll can 
have a significant effect on colour. This might be 
due to changes in the roll material itself, or changes 
in ink laydown/tone production caused by changes 
in roll tension. Without an inline colour measure-
ment system, these potential changes may not be 
Figure 1:  Potential Makeready Savings between Inline and Offline Measurement
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identified until the end of the roll, and the printer can 
end up with an entire roll of questionable product.
4.3 Process Improvement
There is an old adage that states, “You can’t 
manage what you don’t measure.” Sometimes mea-
suring just isn’t enough. Infrequent measurement 
leads to noisy data, which makes it difficult to draw 
conclusions regarding what is wrong in the process 
and how to resolve it. Inline colour measurement 
provides continuous, reliable data, making it much 
easier to identify trends and take corrective action.
4.3.1 Statistical Analysis
In statistical process control, clean and reliable 
data is crucial to making proper corrective action 
choices. When data is gathered on an inconsistent or 
infrequent basis, it is impossible to isolate the noise 
in the data, and perform true statistical analysis. 
With the frequent data collected from an inline 
measurement system, the data can be filtered and 
summarized in a variety of ways that highlight the 
important elements, providing true insight into pro-
duction trends and process problems.
4.3.2 Feedback to Prepress Systems
Reliable statistical analysis provides data that 
can be fed upstream in the production process to 
improve the inputs received at press at the begin-
ning of future jobs. This data can take simple forms 
such as TVI feedback to allow for press profile cor-
rections. It can also take more complicated forms 
such as “this particular ink component appears to be 
mischaracterized and should be re evaluated.” Once 
again, frequent data gathering means that the data 
being fed back is more reliable and based on more 
than just an occasional sample.
4.4 Proof of Conformance
Frequent data capture and good statistical 
analysis allows the printer to report confidently on 
the status of print runs to the end customer. In the 
event of a customer return for poor colour reproduc-
tion, the printer will have the data required to dig 
into the problem, and determine the extent of the 
problem as it relates to that particular job. This data 
can go a long way toward easing the print buyer’s 
concerns regarding quality.
4.5 Reduced Costs
Although investment in an inline colour mea-
surement system can represent a significant cost 
to the printer, the resulting gains in efficiency and 
quality can have positive impacts that result in a very 
attractive return on investment. Efficiency gains 
mean that the printer can bring more work in house 
without the need to add press capacity. Increases in 
quality mean that the printer can bid for high quality 
jobs that might have previously seemed outside of 
the printer’s capabilities. Demonstrating the ability 
to provide high quality with reliable reporting can 
help the printer win new business. The specific 
location of colour errors can be fed forward to post 
press processing operations, allowing the rejection 
of only that portion of the product that is truly out 
of tolerance, resulting in potential waste savings. 
These factors have to be weighed against the initial 
investment when deciding to implement an inline 
measurement strategy.
5.0 ADVANTAGES FOR THE BUYER
The advantages of inline colour measurement for 
the printer have been spelled out above, but there are 
a number of advantages to the print buyer as well.
5.1 Automated Reporting
By using an inline colour measurement system 
and feeding the resulting information to any of the 
numerous reporting systems available on the market, 
the generation of quality reports can be highly auto-
mated. This assures the print buyer that they will 
receive consistent reporting across all of their print 
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jobs. Some reporting systems on the market today 
will even allow real-time reporting.
5.2	 Increased	Confidence	in	Reporting
When measurements are being taken by hand, 
it is possible for the press personnel to “cherry pick” 
their measurements to maximize the impression of 
quality for the print job. Clearly, no printer would 
ever admit to doing such a thing, but the automation 
of colour data collection takes the decision out of the 
hands of the printer. Automating the reporting task 
also means that there is less manual intervention on 
the part of the printer, meaning fewer opportunities 
for unintentional mistakes in the resulting reports.
5.3 Reduced Costs
Because colour quality issues are more likely 
to be caught earlier in the printing process, the cost 
related to these quality issues can be minimized. 
Although the print buyer may go back to the printer 
for refunds for unsatisfactory product (so called 
“make goods”), there is a significant, and potentially 
catastrophic cost to the brand owner for poor quality 
product that makes it to the field.
6.0 SUMMARY AND 
ACKNOWLEDGMENT
Frequent colour measurement throughout the 
course of a press run, achieved through the use 
of inline colour measurement equipment, has sig-
nificant benefits for the printer. These benefits are 
based on the printer’s ability to more accurately and 
reliably track production quality, and to address 
issues of quality as quickly as possible. In turn, the 
print buyer benefits from the improved quality and 
enhanced reporting that are enabled by the data col-
lected.
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